Introduction
The wars in Afghanistan and Iraq are the first conflicts in recent memory in which substantial numbers of combat casualties are returning to the UK. In contrast, the conflicts of the previous decade in the Balkans and First Gulf War, resulted in fewer casualties. Prior to this the Falklands War of 1982, which lasted two and a half months, was probably the last time our military sustained such a large number of injured Service personnel.
The conflict has also changed from conventional battlefield warfare where bullets, fragmentary projectiles and landmines are the main source of injury and death, to one of counter insurgency with asymmetric warfare and an increased use of improvised explosive devices (IEDs), resulting in new and different patterns of injury. Body armour has improved substantially with greater protection to the torso, head and neck. Prior to body armour a bullet or blast that struck the torso or head would have been fatal. Now with protection of the core and thus the major organs, it is the unarmoured extremities (arms and legs) that take the brunt of the force resulting in soft tissue injury, fractured bones and on occasion, traumatic amputation. If however the force of the blast is sufficient to defeat the body armour, the internal injuries are overwhelming and may prove fatal irrespective of the severity of the extremity injuries. With recent advances in Field Medicine including combat tourniquets, haemostatic wound dressings, modern medical resuscitative strategies and shorter casualty evacuation timelines by helicopter, more of these critically injured casualties are surviving to reach Field Hospitals. Thus with increased survival, the surgical workload has increased significantly for the "extremity" surgeons (Orthopaedics, Vascular and Plastics) . Arriving in the Field Hospital starts a long chain of events that will result in the return of the Serviceman or woman to their home country for treatment, rehabilitation and return to duty or discharge as a Veteran.
Great advances in medicine have always occurred during times of war, often in response to injuries resulting from newly-developed weaponry. From World War I with the humble Thomas splint to treat femoral fractures and early facial reconstruction, World War II with burns and plastic surgery and mass antibiotic production, to the Korean and Vietnam wars with the development of management of severe abdominal and vascular trauma, lessons have been learnt to permit not only the treatment of injured soldiers at the time but also improvement of treatments for all mankind.
Learning from US/Canadian experience treating combat casualties -6 -My Winston Churchill Memorial Trust Fellowship allowed me the opportunity to travel to hospitals where these vital lessons are being learnt and to bring these back to the UK and disseminate these ideas and strategies amongst my military medical colleagues.
My Background
I read medicine at the University of Edinburgh, graduating in 2000 with MB ChB. After my pre- 
Combat Casualty Care for UK Service personnel
When a UK Serviceman or woman is injured in combat, they receive immediate first aid from other members of their team. All military personnel have basic first aid training and one in four is trained to a higher level. They will be evacuated by land or air to the Role 2+/3 British Military Field Hospitals in In terms of definitive management, fractured bones are treated with either internal fixation techniques such as plates and screws or intramedullary nails that pass along the hollow axis of the bone so that the metal is buried under soft tissue, or definitive external devices using Ilizarov techniques such as the circular frame. Open wounds will require several repeat inspections and debridements as necessary, followed by delayed closure at a later date, with Plastic surgical reconstruction if necessary. Reconstruction techniques include covering the soft tissue defects with skin grafts, or tissue transfer using pedicle flaps or free flaps. A skin graft is transfer of skin from one Learning from US/Canadian experience treating combat casualties -8 -"donor" area to the wound "graft site". Muscle along with its covering skin can be transferred as a flap, either attached to its blood supply on a pedicle, or in the case of a free flap, detached and reconnected using microvascular surgical techniques. 
US Combat Casualty Care
All US combat casualties are first admitted to the US Role 3 (also termed Echelon 3) Field Hospitals in Afghanistan or Iraq. Due to geographical distance no transport aircraft is able to fly directly from these locations to the Continental US (CONUS). 
Aims of my Fellowship
By visiting the hospitals at Landstuhl Regional Medical Center (LRMC) in Germany, University of Alberta Hospital (UAH) and Glenrose Rehabilitation Hospital (GRH) in Canada, Walter Reed Army Medical Center (WRAMC), National Naval Medical Center (NNMC), Brooke Army Medical Center (BAMC) and Naval Medical Center San Diego (NMCSD) in the USA with expertise in the early care, reconstructive surgery and rehabilitation of combat casualties, I aimed to learn lessons from the experience of our NATO Allies from which we too might benefit.
To facilitate the exchange of ideas, midway through each of my visits I would give a PowerPoint presentation on UK Combat Casualty Care so that my hosts could learn of our treatment strategies, successes and problems. On discussion, I found that these were often common issues and problems and this forum gave us the opportunity to raise points and discuss treatment strategies.
It has also been my aim from the outset to disseminate this knowledge learnt to the wider UK military medical community to improve the care and outcomes of our injured UK Service personnel. LRMC will typically have at least 12 hours notice of a seriously injured patient expected from the Field Hospitals. A C17 Globemaster aircraft is tasked with the aeromedical transfer and will fly with its Air Force Medical team for collection and transfer to LRMC. These 12 hours gives the hospital time to establish how many beds it has, how many it needs and where to transfer existing patients if space needs to be made. The relevant specialities are notified and procedures planned. During my visit here, one of the combat casualties I saw was injured in an IED blast against his armoured jeep. The injuries to his legs were so severe that the Field Hospital had performed a below knee amputation on one side as the open fracture of his tibia made the leg unsalvageable; the other leg had an ex fix applied. He also had burns to his face and hands. This case serves to highlight the early management of polytrauma patients at LRMC. In this case, the patient was too unwell to go to the operating theatre for assessment and washout of his wounds on arrival. A CT scan was performed to allow assessment of injuries rapidly without disturbing the patient and his surgical procedures were planned for the following day. Dr Pagenkopf told me that LRMC policy is for debridement and washout of wounds every 48hours in the early stages, if the patient is staying and too unstable for transfer. After the third or fourth washout, they may reduce the frequency to every 72 hours.
At this time, the patient had re-exploration and washout of all his wounds, debridement of dead muscle that had become apparent since his previous procedure in the Field Hospital. Washout is performed with motorised pulse lavage to increase the force of the jet and speed up the flow of sterile water, which is not used in the UK. On the amputated side, it was noted that the bone was too Learning from US/Canadian experience treating combat casualties -13 -long for the soft tissue to cover it, but this was left alone for definitive revision and fashioning of the stump at BAMC where he would be transferred due to his burns. Almost all open wounds have Vacuum Assisted Closure or VAC® dressings (Kinetic Concepts Inc), which is a topical negative pressure dressing. These are used during transfer to help keep the wounds clean and control wound exudate. This had been removed to inspect the wound and was reapplied at the end of the procedure. A plaster cast was applied to the below knee amputation to prevent joint contractures which would result in a fixed flexion deformity at the knee and exacerbate any future disability.
Combat casualty with right below knee amputation and ex fix on left leg Same patient following debridement of right residual leg and application of VAC dressing
There is a weekly Morbidity and Mortality meeting at LRMC with feedback from the C5 hospitals to let the doctors at LRMC know of the outcomes of their management. There are also several videoconferencing sessions between the Field Hospitals, LRMC, WRAMC, NNMC, BAMC and NMCSD.
This allows discussion and feedback from the various hospitals who have been involved in the care of a patient as they have transited through the system and the ability to find out what has happened, if
Learning from US/Canadian experience treating combat casualties -14 -a procedure that was performed was the correct thing to do, and to potentially stop performing procedures that turn out to be dangerous with follow up.
On my last day I attended the ITU ward round where the patient above was discussed in great detail, led by Lieutenant Colonel Raymond Fang, Consultant General surgeon and Intensivist. Due to the seriousness of his injuries and the fact that he had developed a ventilator-associated pneumonia, he would not be transferred to CONUS the following day. Instead it was planned that he would have a further wound washout and consider transfer the following week when he might be more stable. The use of the iLA Membrane Ventilator® (Novalung GmbH) which is an artificial lung surface that can oxygenate the blood and remove carbon dioxide outside the body was discussed, thus allowing severe blast lung injury patients to recover without the stress of mechanical ventilation. Afghanistan. There is a former hospital building here that is now used as an outpatient clinic facility for soldiers on the base, where Dr Stiegelmar does a monthly orthopaedic clinic that combines his interests in sports medicine and trauma. Indeed we saw a spectrum of patients from those with exercise induced leg pain and anterior cruciate ligament ruptures, to a double above knee amputee injured in an IED incident in Afghanistan several months before. He had ongoing shrapnel and infection issues in his residual limbs. There were also several patients who had sustained traumatic injuries from civilian mechanisms whilst in Canada e.g. motor vehicle collisions.
Later that week, I visited Dr Hebert at GRH to observe her practice with amputees. GRH is a 244-bed hospital and is the largest comprehensive tertiary rehabilitation centre in North America. It offers paediatric, adult and geriatric services on an inpatient, outpatient, and daycase basis. Within the adult division, they cover all the requirements for inpatient rehabilitation (e.g. brain injury, stroke, spinal cord injury and Neurological, Psychiatric, post-acute Orthopaedics, amputee care and postacute burns). There are eight dedicated beds for amputees. Glenrose has signed a memorandum of understanding with the Canadian military to fast-track patients from acute care so that they are admitted quickly and no further delay is introduced to their rehabilitation. There is a dedicated Brain Injury Unit at Glenrose and military patients deemed suitable for neurological rehabilitation are admitted for a four to six week period for intensive treatment. Further rehabilitation is performed on an outpatient basis. The team has a liaison representative at CFB Edmonton for issues such as return to duty and suitable re-employment in the Services. For amputee care, the military also will pay for up to three prostheses per injured limb with no limit on the cost of these. In contrast for a civilian amputee, the publicly-funded health care (equivalent to our NHS) will only fund one prosthesis per injured limb and this amount is capped. The C-leg™ (Otto Bock) which is a standard prosthetic knee for above knee amputees, costs Canadian $20,000 and will be funded by the military for their patients but exceeds what the social health service will provide for civilians, unless topped up by the patient, insurance policy or Workers Compensation Board. BMP causes stem cells to differentiate into bone cells and encourages their deposition of bone matrix to heal fractures. Its expense means that it is used in the UK after other treatments have failed whereas the US doctors used it early on in treatment. Wound closure was always performed using the modified Allgöwer-Donati suturing technique as it offers the advantage of grasping a relatively broad amount of tissue and spreading the tension force over a large area while not disrupting as much of the vertical blood flow in the skin as other suture techniques; it is useful to close skin where the blood flow is compromised. Often a topical negative pressure dressing was applied as an "incisional VAC dressing" over a successfully closed wound to give an outflow for any wound exudate. Neither of these are done in Birmingham. The MATC at WRAMC 1) A peer support programme that has been established for amputees in which those more advanced in their rehabilitation visit to help and encourage newer patients adjust to their changed circumstances. There are also numerous celebrity visits and adaptive sports opportunities, such as rock climbing, basketball, kayaking etc.
Allgöwer-Donati suture technique

Wheelchair basketball, an example of adaptive sports
2) A computer driving simulator with a Chevy SUV cab with disability adaptive equipment to relearn driving.
Driving simulator
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3) The Gait Lab in the Center for Performance and Clinical Research (CPCR) uses sophisticated motion analysis equipment with 23 infrared cameras and two visual spectrum cameras (for overlay), reflective markers and six force plates. This provides three dimensional images of the patients' movement. The information gained through motion analysis helps modify prosthetic devices and individualise physical therapy treatment approaches for each patient to improve movement skills such as walking, running and jumping. A similar facility exists at the Syncrude Center for Motion and
Balance at GRH and at the CFI at BAMC but not at DMRC.
Gait Lab in action
4) Computer Assisted Rehabilitation Environments or CAREN® (MOTEK Medical BV). This impressive
US $1.2million simulator allows subjects to stand while supported in a harness in a virtual reality 3D
world with moving and tilting terrain. It is being used for retraining the processing of proprioception and developing balance, as well as walking and running without the fear of falling.
Learning from US/Canadian experience treating combat casualties -28 -CAREN being used to train balance shifting and centre of gravity perception 5) There is a firearms training simulator (FATS) and instructor to help soldiers regain this essential military skill.
M4 rifle being used by a patient with above elbow and above knee amputations at FATS
6) There is a highly specialised gym to promote rehabilitation and retraining with specific equipment, a climbing wall, and highly regarded 225ft oval track with harness. This harness allows an amputee to walk or run without fear of falling and give a stronger sense of accomplishment. This frees up the therapist from steadying the patient, permitting them to stand further off and analyse and correct their gait more easily. Without the harness some have used it as a hurdle track! Oval track with patient using the harness, with therapist behind Overcoming hurdles during rehabilitation! 7) There is a family lounge and kitchen for the occupational therapists to assess the patients in various activities of daily living (ADLs) and see how they manage, with adaptations as required. to be right to accept a large elaborate "meccano" frame around their leg for many months, with the discomfort and problems this can entail. Pin site infection is common although usually minor.
Patients have to be willing to comply, as corrections to the TSF hexapod are made daily by adjusting new lengths on each strut. I noted the problem of toe clawing (possibly due to missed foot compartment syndrome) and its treatment, which could involve rubber tubes tied between the toes or fine wires placed axially along the length of the toes.
Fine wires threaded axially along all toes to prevent toe clawing and ankle equinus deformity
Once the frame was off, the patient had healed bone but there may have been substantial loss of muscle with resulting leg and foot weakness. I was introduced to the Dynamic Bracing Solutions™ 7 energy-storing ankle foot orthosis (AFO). Originally designed for patients who had weakness or even foot drop following polio, this was being introduced for use in military patients with reconstructed legs with extensive loss of muscle, or ankle fusions following complicated fractures. Patients with salvaged legs or ankle fusions can walk but cannot run or jump due to stiffness and pain. The energystoring AFO allows them to gain this function whilst keeping their leg, instead of electing to have it amputated and using a conventional below knee prosthetic leg. It does this by storing energy during the "heel strike" phase of the gait cycle and returning it as they "toe-off" (lifting the foot off the ground). When I saw the device on trial, these patients had not been long issued it and were still adjusting to using the device. In particular, the energy return meant their leg "kicked" off the ground and they had difficulty stopping. However, feedback from the patients was positive, giving them sufficient function when walking, loaded marching and running, that they had stopped considering elective amputation of their painstakingly-reconstructed but sadly still painful leg. The cost of US $10,000 per orthotic was substantial, but still less than the cost of providing an elective below knee amputee patient with a lifetime of amputee care. There is also a version that is under development by the BAMC prosthetists from their own design and costs approximately US $2,000. This also has had initial favourable feedback from the patients trialling this AFO. Nintendo Wii, which is a games console, is an entertaining and low cost method of retraining balance and co-ordination. Gait labs have been used successfully elsewhere in developing and relearning normal gait patterns.
Dynamic
Conclusions
My travelling fellowship allowed me to trace the pathway that combat casualties from our main NATO Allies take when they are repatriated. I was able to see how each hospital works and interacts with the others up and downstream from them. It also enlightened me to the logistics required by the medical branches of their militaries to support and staff the Field Hospitals, retrieve, resuscitate, stabilise and evacuate injured soldiers, and then perform definitive treatments and finally rehabilitate them.
We are doing similar things with respect to treatments and rehabilitation, albeit with "different 
